Abstract: Current research shows, that light directly influences the course of the inner biological rhythm. Light synchronizes the biological clock by controlling the concentration of various hormones in the human body. A well-known example is the discharge of melatonine due to increased blue spectral parts in daylight. Light affects the quality of sleep, general performance and even the phenomenon Season Affected Disorder (SAD).
Introduction
Light therapy is well established in medical care since 25 years. Patients suffering from SAD predominantly experience mental disorders during fall and winter months and the prevalence in Nordic countries is significantly higher. The production of serotonin in the central nervous system is related to the reception of light with the eyes and a prerequisite for controlling various functions in the human body. SAD patients are lacking such light and often can be treated with light therapy. Artificial white light with an intensity greater 2,500 lux is required for two hours daily, alternatively treatment with 10,000 lux for 30 minutes every morning for two to four weeks arranged [1] .
In this work a new method was developed for assisting the treatment of SAD. While patients currently have to sit in front of light boxes with artificial bright light emission for the indicated time span with their eyes wide open, the newly developed luminescent textiles can easily be integrated into daily surroundings at home or at work. The patient does not have to consciously undergo "treatment" at a clinic or in hospital, but can follow daily routine while curtains, window blinds or other textile solutions offer the required light during the course of the day. Often SAD patients perceive such treatment as stigmatizing. For this alternative or assisting treatment alternatingcurrent electroluminescent (ACEL) devices on fabrics with high brightness were developed and investigated within the research project "TheLeTex". The electroluminescence effect in such ACEL devices is based on radiative electron-hole recombination in the lattice of suitable host crystals [2, 3] within the construction of a capacitor. Commonly, zinc sulfide functions as host material, doped with other elements e.g. copper or manganese [4] to control the emitted colors. These light-emitting phosphors are embedded in a dielectric layer, which is based on Barium titanate in rigid or sheet silicates in Polyurethane (PU) or Polyacrylate PAc) binders on flexible substrates [5, 6] . One of the two electrodes must be transparent for the emission to pass through and is usually based on ITO on rigid and PEDOT:PSS on flexible materials. The second electrode preferably exhibits high conductivity and is often based on carbon or metal containing binder systems [7] [8] [9] [10] [11] [12] [13] .
The device is operated at a voltage of 70 to 150 V in sinusoidal waveform at a frequency of 400 to 2,500 Hz.
Experimental
Initially, various types of textile base materials were tested for optimum transparency, flexibility as well as wear-and tear properties. For a field test in a psychiatric clinic a prototype roller blind was fabricated with an EL-system on the backside of the selected fabric and electrically connected to an inverter set-up including various safety measurements.
Materials
The textile material was plain-woven polyester fabric, 210 g/ m 2 . Prior to the coating trials, the fabric was treated with flame-retardants and UV-protectors, the backside of the fabric was coated with PU, fixed at 130°C for 90 s and calandered to reduce surface roughness, and the face side of the fabric was treated with fluorochemicals, fixed at 160°C for 90 s, for water-repellant effects. The coatings of the four EL-layers were produced with commercially available dispersions and particles. The PEDOT:PSS dispersion for the transparent electrode was supplied by Heraeus Precious Metals GmbH & Co. KG., Leverkusen, Germany. The sheet silicone/ PU dispersion for the dielectric layer and the PU/ Carbon dispersion for the second electrode were obtained from CHT R. Beitlich, Tübingen, Germany. The dispersion for the light-emitting layer was produced in the lab blending sheet silicone/ PU dispersion and blue-green phosphor from Leuchtstoffwerke Breitungen, Germany. The insulating dispersion was a barrier lacquer, which protects the EL-layers from environmental impact, especially humidity.
Coatings
Coating was done on a Zimmer Combined Flat/ Roller printing machine 120 at a speed of 3 mmin -1 , the rod diameter was 16 mm, the pressure setting 2. Interim drying was done with hot air at 100°C for 300 s. The first electrode layer PEDOT:PSS was coated 900 mm x 1,300 mm. The sheet resistivity was measured at 100 Ohm sq. The light-emitting dispersion was coated four times at 880 mm x 1,300 mm, followed by eight times coating of the dielectric layer in the same size. Afterwards the second electrode was four times coated at 850 mm x 1,250 mm as well as in a 15 mm wide bus-bar on either side of the rectangular coating with 10 mm distance. For both, electrode and bus-bar, the sheet resistivity was measured at 10 Ohm sq. Finally, drying of the complete sample was carried out in a Monforts stenter frame at 150°C for 300 s.
The insulating barrier lacquer was applied two times fully covering the fabric and left for air-drying for 24 hours. The two bus-bars as well as one line in the center of the carbon electrode were not insulated for subsequent electrical connection.
Electrical layout
The electrical control was analyzed in a test set-up and included an inverter module, based on a signal generator AD9850BRS and a specific driver DRV2700EVM by Texas Instruments, which was developed for piezo actuators. The driver can fortify different wave forms of input voltage with an amplitude of 10 V to an output voltage of 200 Vss. These options allow next to sinusoidal waves also trapeze or triangular waves as well as highly complex, freely adjustable voltage curves for the power supply of EL-textiles. In the research work it was recognized, that sinusoidal waves reduce current peaks best, which prolongs the lifespan of such EL-devices. For testing purposes, input voltage was generated by an Analoge Device DDS (AD9850BRS) with a clock speed of 125 MHz at 32-Bit, producing sinusoidal signals at a frequency of up to 40Mhz.
The prototype was controlled by a module, in which all components are CE conform. In addition, the device was only operated when fully opened and in presence of a researcher. An emergency shutdown, smoke alarm as well as temperature control were included. The device was fuse protected independent from the hospital grid. The switch panel contained also a commercially available inverter E250 0010, supplied by ENZ, Switzerland. This inverter offers specific safety features such as DC-isolation, power limiter for overload and prevention for overcurrent and short-circuit. Furthermore, all parameter can be observed via interface. Finally, an electric meter was included in the switch panel for controlling the consumption at primary end. The set-up is shown in figure 1.
Field test
The prototype was installed in a ward of the geriatric psychiatry of Klinik Königshof, Krefeld, Germany, from November 15, 2016 until January 31, 2017, see figure 1. The device was operated and tested daily between 6 and 9 am as well as 4 and 8 pm for 120 min. The light intensity at five different measuring points, power consumption, room and textile temperature as well as humidity were recorded.
During the observation period 62% of patients were female, average age was 80 to 91 years, no patient was bed- ridden and the mean duration of stay was near to 18 days. Up to 18 patience suffering from neurodegenerative illnesses such as old-age depression and psychosis, Alzheimer's and other types of dementia, psychiatric complications after affections of the body, psychosomatic diseases at old age and other mental disorders are treated here simultaneously.
Discussion and outlook
Depending on textile base material, voltage and frequency as well as type of EL-phosphor, the light intensity oft he textile EL-device ranged between 300 and 1,800 lux. The prototype was installed in the winter months November to January, when daylight prevails mostly between 9 am and 4 pm, see figure 2 . The roller blind at one window of the special ward was suggesting "daylight" artificially already earlier in the morning between 6 and 9 am as well as later in the afternoon between 4 and 8 pm. In the morning natural daylight was measured at less than 100 lx with a color temperature of 8,800 K.
The light intensity of the prototype was very much lower than found in the lab work on optimum fabrics, but this was due to the safety measurements during the test phase. Values of 19.94 lx with a standard deviation of ±3.4 lx were reached. The average color temperature was measured at 5901 K (± 644 K). The average temperature of the surrounding air was detected at 15.9°C (± 1.4°C) and relative humidity at 51 % (± 7 %). The power demand of the complete set-up accounted for 75 W.
For therapeutically using the textile based EL-device, the system needs further optimization regarding light emission, safety and overall efficiency. Additionally the inverter technology needs improvement.
